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(54) Active pixel sensor with programmable color balance 



(57) A semiconductor based image sensor compris- 
ing a plurality of pixels formed upon a major surface of a 
semiconductor substrate, a majority of the pixels having 
a photodetector with a plurality of color filters of at least 
two different colors arranged over a second majority of 
the pixels a sense node formed within each of the pixels 
and operatively connected to CMOS control circuitry a 
plurality of busses arranged such that there is at least 



one unique bus operatively connected to the pixels for 
each color and interface means for providing an electri- 
cal connection to a timing circuit, the interface means 
having individual connections to each of the busses and 
capable of providing the predetermined voltage on the 
busses at a desired time. 
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Description 

FIELD OF THE INVENTION 

[0001] This invention relates to the field of solid state 
photo-sensors and imagers refen-ed to as Active Pixel 
Sensors. (APS) and more specifically to providing a 
means to provide programmable color balance for a 
color image sensor, while maintaining a high signal to 
noise ratio (SNR). 

BACKGROUND OF THE INVENTION 

[0002] APS devices are solid state imagers wherein 
each pixel typically contains a photo-sensing means, 
reset means, a charge transfer means, a charge to volt- 
age conversion means, and all or part of an amplifier. 
APS devices have been operated in a manner where 
each line or row within the Imager Is selected and read 
out using a row and column select signal, (analogous to 
a word and bit line in memory devices respectively). 
[0003] Typical prior art APS pixels is shown in Figures 
la and 1b. The pixel in Fig. la comprises a photodetec- 
tor (PDET). that can be either a photodiode (PD) or pho- 
togate (PG). transfer gate (TG). floating diffusion (FD). 
reset transistor with a reset gate (RG). row select tran- 
sistor with a row select gate. (RSG). and signal transis- 
tor (SIG). The pixel in Fig. 1 b comprises a photodetector 
(PDET), typically a photodiode (PD). reset transistor 
with a reset gate (RG), row select transistor with a row 
select gate. (RSG). and signal transistor (SIG). In all 
prior art pixels the TG. RG and RSG nodes within a 
pixel were connected together by a single buss per row 
of pixels to facilitate the per row sensor readout mode 
described above. Since the integration time for the pixel 
in Fig. la is determined by the time from when TG is 
turned off to begin integration and then turned on to 
trartsfer charge to the FD, the integration time for each 
pixel In that row was the same. This is also the case for 
the pixel in Fig lb, where the integration time is deter- 
mined from the time that RG is turned on to reset the PD 
and when the read signal is applied to read the charge 
in the PD. 

[0004] In prior art devices, the image capture for each 
row is typically done sequentially with the image capture 
fot each row temporally displaced from every other row. 
and each row has the same integration time. In color 
imaging applications a color filter array (CPA) is placed 
over the image sensor. These individual color filters typ- 
ically, allow varying amounts of optical energy to pass 
through the filter and become incident on the sensor. 
Color filters do not inherently pass the requisite amount 
of optical energy desired for color balance or that 
desired for display purposes. 

[0005] Accordingly, signal processing, whether analog 
or digital, must be performed on the sensor output to 
provide the appropriate gain to each color channel in 
order to produce the desired color balance. With APS 



devices, this voltage domain signal processing can be 
done on chip, but this results in the disadvantages of: 
(1) inducing noise in the sensor; and (2) requiring com- 
plicated circuits that consume silicon area, dissipate 
5 more power, and slow down frame rates. 

[0006] In view of the foregoing discussion, it should be 
apparent that there remains a need within the prior art 
for an APS device with improved color balancing. 

10 SUMMARY OF THE INVENTION 

[0007] The present invention addresses the previously 
discussed problems by enabling programmal)le color 
balancing of a color image sensor without aeating the 
15 disadvantages described above. One approach to pro- 
viding a programmable color balance means without 
voltage domain signal processing is to adjust the inte- 
gration time for each color In this manner, the resulting 
signal charge generated within the pixel is in proportion 
20 to the desired color balance and no other pest process- 
ing is required. This invention provides a manner of sep- 
arate integration control for any given color while 
maintaining the same sensor readout scheme and 
allowing for the elimination of the added voltage domain 
25 color balance signal processing required in prior art 
devices. This is done by providing separate transfer 
gate busses or reset gate busses for each color in a 
given row. By doing so, the integration time for each 
color within a given row can be controlled separately. 
30 [0008] The present invention is directed to overcoming 
one or more of the problems set forth above. Briefly 
summarized, according to one aspect of the present 
invention, preserrts a semiconductor based image sen- 
sor comprising: a plurality of pixels formed upon a major 
35 surface of a semiconductor substrate, each of the pixels 
having a photodetector; a plurality of color filters of at 
least two different colors arranged over the pixels; a plu- 
rality of transfer gates, the transfer gates being adjacent 
to the photodetectors and controlled by one of a plurality 
40 of electrodes, the transfer gates being capable of mod- 
ulating the electrostatic potential adjacent to the photo- 
detector upon application of a predetermined voltage to 
the electrode for that transfer gate to transfer charge 
from the photodetector to a sense node; a plurality of 
45 busses arranged such that there is at least one color 
buss for each color of the different colors, each of the 
busses being operatively connected to the transfer 
gates associated with only one of the different colors 
through one of the electrodes; a timing circuit having at 
so least one connection to each of the color busses and 
capable of generating the predetermined voltage on the 
busses at a predetermined time; whereby each of the 
different colors can have an integration period that is 
controlled by the timing circuit independent other off the 
55 different colors. 

[0009] These and other aspects, objects, features, 
and advantages of the present invention will be more 
clearly understood and appreciated from a review of the 
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following detailed description of the preferred embodi- 
ments and appended claims, and by reference to the 
accompanying drawings. 

Advantageous Effect Of The Invention s 

[001 0] The present invention has the following advan- 
tages: it is efficient in the use of silicon area, it provides 
a high Signal to Noise Ratio (SNR), and it provides pro- 
grammable color balance. io 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] 

15 

Fig. la is a prior art APS pixel; 
Fig. 1b is a prior art APS pixel; 

Fig. 2 is a first preferred embodiment of the inven* 20 
tion; 

Fig. 3 is a first preferred embodiment of the inven- 
tion; and 

Fig. 4a is a linear embodiment of the invention hav- 
ing three linear sensors. 

Fig. 4b is another linear embodiment of an active 
pixel sensor. 

Fig. 5a is a prior art active pixel sensor based on a 
photogate based pixel. 

Fig. 5b is another prior art active pixel sensor based 
on a photogate based pixel. 

Fig. 6 is an embodiment of the invention having 
active pixel sensor based on a photogate based 
pixel. 

Fig. 7 is an emtxxJiment of the invention having 
active pixel sensor based on a photogate based 
pixel. 

Fig. 8 is a timing diagram for the Focal Plane Shut- 
ter Mode for an area array of the present invention. 

Fig. 9 is a timing diagram for the Global Shutter 
Mode for an area array of the present inventioa 

Fig. 10 is a timing diagram for the Focal Plane Shut- 
ter Mode for a linear device of the present invention. 

« 

Fig. 1 1 is a timing diagram for another Global Shut- 
ter Mode for a linear device of the present invention. 

[0012] To fadjitate understanding, identical reference 
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numerals have been used, where possible, to designate 
identical elements that are common to the figures. 

DETAILED DESCRIPTION OF THE INVENTION 

[001 3] The new pixel architecture as envisioned by the 
preferred embodiments of the present invention can be 
seen in Figures 2. 3 and 4. Other specific physical 
embodiments are realizable. These are chosen 
because they are the most preferred manner known to 
the inventor for practicing the invention. 
[0014] Each of the diagrams shown in Figures 2 and 
3 illustrates an array of 4 pixels that incorporates the 
present invention within sensors having pixels arranged 
in row and columns. In each of Figures 2 and 3, the pix- 
els illustrated are arranged in a quadrant having 2 rows 
of 2 pixels each forming 2 pairs of row adjacent pixels. 
The CFA pattern illustrated is based on the Bayer CFA 
pattern in which one row will have alternating red and 
green pixels and the following row will have alternating 
green and blue pixels with the pattern arranged such 
that the green pixels in succeeding rows are not row 
adjacent. The structural layout for each of the pixels 
within the respective figure is identical, containing the 
identical components in the identical locations. 
[0015] It should be readily apparent that the layout of 
the individual pixels within Figures 2 and 3 are similar to 
the pixels shown in Fig. la and lb. respectively. This is 
done purposely to illustrate the concept of the invention 
over the prior art 

[0016] Referring to Fig. 2, the pixel architecture 20, 
comprises a photodetector (PD) 22. that can be either a 
photodiode or photogate, a transfer gate (TG) 24, a 
floating diffusion (FD) 25. reset transistor 26 with a reset 
gate (RG) 27. row select transistor 28 with a row select 
gate (RSG) 29. and signal transistor (SIG) 21. In prior 
art devices the transfer gates, reset gates and row 
select nodes within a pixel were each connected by a 
buss for every row of pixels to facilitate row based read- 
out of the sensor. Since the integration period for the 
prior art pixel in Fig. la begins when the transfer gate is 
turned off and ends when the transfer gate is turned on 
to transfer charge to the floating diffusion, the integra- 
tion period for each pixel in that row was inherently the 
same, because the transfer gates are connected to a 
single buss. 

[0017] Referring to the embodiment illustrated within 
Fig. 2. the location of transfer gates 24 is designed to 
enable wiring 2 separate transfer gate signal busses 1 . 
2 or 3, 4 for each row. In this case there is a green trans- 
fer gate (TGg) buss 1 and a red transfer gate (TGr) buss 
2 for Row A. and a TGg buss 3 and blue transfer gate 
(Tgb) bHJS 4 row 2. The TGr buss 2 in Row A has an 
electrical contact to each the transfer gates 24 for red 
pixels in that Row A. The TGg tujss 1 in Row A has an 
electrical contact to all the transfer gates 24 for the 
green pixels in tfiat row. The TGg buss 3 in Row B has 
an electrical connection to each transfer gate 24 used 
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on the green pixels for Row B, while the TGb buss 4 in 
Row B forms an electrical connection with each transfer 
gate 24 lor the blue pixels in Row B. 
[0018} One mode of operation of this new architecture 
desip is described below referring to Fig. 2 in conjunc- 
tion w* :n Fig. 8 This is referred to as the local plane shut- 
ter mode. It is envisioned that other modes using the 
configuration shown in Fig. 2 are also possible, how- 
ever, this one illustrated is this best mode for this partic- 
ular configuration as envisioned by the inventor. For the 
color used within the pixel architecture 20 as shown in 
Fig. 2 it can be assumed that red has the highest sensi- 
tivity, and blue has the lowest sensitivity The image 
sensor is initialized with all the transfer gates 24 and the 
reset gates 27 are turned on prior time x-, as seen refer- 
ring to Fig. 8. To begin the integration period of Row A, 
TGg buss 1 is turned off to allow charge to accumulate 
within photodetector 22. This will occur simultaneously 
for all the green pixels in Row A. A predetermined time 
later. TGr buss 2 is turned off which allows all the red 
pixels within Row A to begin to accumulate charge. Row 
A at this point has all pixels within the integration period. 
Row A is integrated for the desired time, the FD is reset 
and the reset level sampled and held, then fcwth TGr and 
TGg are turned on at the same time to transfer the sig- 
nal charge to the floating diffusion. The signal level is 
then sampled and held. Meanwhile row 2 has been inte- 
grating, the TGb was turned off first and earlier in the 
line time compared to TGg. followed by turning off TGr. 
Row 2 is then read out in the same manner as row 1. 
This proceeds for all of the rows in the image sensor, 
with the same TG timing, odd rows like row 1 , even rows 
like row 2. The relative integration times, determined by 
the relative location of TG turning off in a row time, are 
adjusted to provide the desired color balance. The least 
sensitive color would have the maximum integration 
time, or that which is programmed, and the other colors" 
integration times are appropriately shorter and can even 
be specified as a ratio of the programmed integration 
time Fig. 9 shows an alternative mode of operation of 
the device in Fig. 2 wherein all integration periods occur 
within the same time epoch. 

[0019] Referring now to Fig. 3. the pixels 3 comprise 
a photodetector (PD) 32, typically a photodiode. reset 
transistor 36 with a reset gate (RG) 37. row select tran- 
sistor 38 with a row select gate 39 (RSG). and signal 
transistor (SIG) 31 . This is a similar arrangement to the 
prior art device shown in Fig. lb. wherein, the integra- 
tion time for each pixel in a row is the same. Here the 
integration period is determined from the time the reset 
gate is turned off after resetting the photodetector until 
the time when the read signal is applied to read the 
charge within the photodetector. Again; the integration 
period for each pixel in that row was inherently the 
same, because the reset gates are connected to a sin- 
gle bus. 

[0020] The embodiment illustrated within Fig. 3. is 
designed to provide wiring of 2 separate reset gate sig- 



nal t)usses 6. 7 or 8, 9 for each row As shown in Fig. 3. 
there is a red reset gate (RGr) bus 7 and a green reset 
gate (RGg) buss 8 for Row 1. and a RGg bus 8 and a 
blue reset gate (RGb) buss 9 for Row 2. The RGr buss 

5 7 in Row 1 have electrical connections to the reset 
gates 37 for all of the red pixels in that row. The RGg 
buss in Row 1 has electrical connections to the reset 
gates 37 for all of the green pixels in that row. The RGg 
buss 8 in Row 2 has electrical connections to the reset 

,0 gates 37 for all of the green pixels in Row 2. while the 
RGb buss 9 in Row 2 has electrical connections con- 
tacts to the reset gates 37 for all of the blue pixels in 
Row 2. 

[0021 ] The embodiment in Fig. 3 provides similar fea- 
rs tures to the emlxxdiment shown in Fig. 2 except there is 
no transfer gate in the architecture shown in Fig. 3 and 
reset gates 37 are used to determine integration peri- 
ods. The pixel architecture 30 can employ Reset gates 
37 for determination of integration periods because of 
20 the photodetector 32 employed. The Photodetector 32 
can be either a standard photodiode or a partially 
pinned photodiode having t>oth a pinned portion 33 and 
an unpinned portion 34. The pinned portion 33 forms a 
large area of the photodetector that is a pinned photodi- 
25 ode. The unpinned portion 34 can function as a floating 
region that is used as an input node for signal transistor 
31. 

[0022] The operation of this pixel architecture 30 is 
described below referring to Fig. 3. For the color used 
30 within the pixel architecture 30 as shown in Fig. 3 the 
discussion that follows is similar to that previously dis- 
cussed for Fig. 2 where it can be assumed that red has 
the highest sensitivity, and blue has the lowest sensitiv- 
ity. The image sensor is initialized with all the reset 
35 gates 37 are turned on. To begin the integration period 
of Row 1 . RGg buss 6 is turned off to allow charge to 
accumulate within photodetector 32. This will occur 
simultaneously for all the green pixels in Row 1 A pre- 
determined time later. RGr buss 7 is turned off which 
40 allows all the red pixels within Row 1 to begin to accu- 
mulate charge. Row 1 at this point has all pixels within 
the irrtegration period. Row 1 is integrated for the 
desired time, the signal level sampled and held. The 
reset gates for both colored pixels are turned on and the 
45 reset level is then sampled. Meanwhile Row 2 has been 
integrating, the RGb 9 was turned off first and earlier in 
the line time compared to RGg 8. Row 2 is then read out 
in the same manner as Row 1 . This proceeds for all of 
the rows in the image sensor, with the same timing, odd 
so rows like Row 1 , even rows like Row 2. The relative inte- 
gration times, determined by the reset gates 37 turning 
off in a row time, are adjusted to provide the desired 
color balance. The least sensitive color would have the 
maximum integration time, or that which is pre- 
ss grammed. and the other colors" integration times are 
appropriately shorter and can even be specified as a 
ratio of the programmed integration time. 
[0023] With this charge domain method of providing 
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color balance, the SNR is superior since the integration 
of noise electrons is minimized, and there is less signal 
processing required, which can add circuit noise and 
induce substrate fluctuations that produce in pixel elec- 
tron noise. 

[0024] This architecture provides a very area efficient 
and high SNR means of achieving programmable color 
balance. One extra metal line per row is required with 
the Bayer CFA pattern shown. It is possible that more 
than 1 extra buss per row is required for other CFA pat- 
terns. However, with many levels, of metal availat>le in 
CMOS processes, 1 additional metal line does not 
impact fill factor, since metal levels can be routed over 
each other and there are no extra transistors or gates 
required within the pixel. Additionally, this architecture 
can be used with the present single amplifier readout 
schemes, and has identical pixels so that image arti- 
facts due to different image sampling apertures do not 
occur. There are some extra per row decode logic cir- 
cuits required. However, these do not Impact the pixel or 
image array area since they are incorporated in the 
CMOS logic outside of the image array, and these oper- 
ate on a per row rate and do not produce additional 
noise in the image processing signal chain. 
[0025] It should also be noted that this concept of a 
separate transfer gate or reset gate signal txjss per 
color can also be applied to an entire image array rather 
than per row as described. This would be desirable in 
cases where a mechanical shutter is closed during rea- 
dout to facilitate frame capture mode of operation. 
[0026] Fig. 4a is an illustration of a linear embodiment 
of the present invention within a tri-linear device 40. 
Timing diagrams for the operation of this device is 
shown in Figures 10 and 1 1 . The tri-linear device 40 has 
three linear sensors 41a, 41b. and 41 c. each of the lin- 
ear sensors 41a. 41b and 41c has a photodetector the 
conprises a photodiode 42, a transfer gate 43 and a 
floating diffusion 44. Additionally, each of the linear sen- 
sors 41a. 41b and 41c has a control circuit 45 compris- 
ing a row select transistor (RSG). a reset gate (RG) and 
a signal transistor (SIG). Here, the three linear devices 
41a. 41b. and 41c each have color filters that adapt the 
linear sensors 4 la. 41b and 41c. respectively, to be 
sensitive to either red. green and blue wavelengths. 
More importcuitly each of the linear sensors 41a. 41b 
and 41c have separate transfer gate busses TGr, TGg 
and TGb respectively such that each sensor 41 a, 41b 
and 41c can have its integration period individually con- 
trolled via a transfer gate bus. 

[0027] Fig. 4b is another linear embodiment of an 
active pixel sensor having individual linear sensors 46a. 
46b and 46c. each comprising a photodiode 47 adjacent 
to a reset gate 48 with a control circuit 49 comprising 
signal transistor (SIG) and row select gate (RSG). As in 
the previous linear device embodiment described 
above, each of the linear sensors, 46a. 46b ad 46c. in 
Fig. 4b have individual reset gate busses RGr. RGg and 
RGb which have their potentials controlled independ- 



ently from one another. The reset gate busses RGr, 
RGg and RGb allow independent control of the reset for 
each of the different linear sensors 46a. 46b and 46c. 
The integration time period for the linear sensors within 
5 Fig. 4b begins after the reset of a pixel and continues 
until the charge stored within the photodiode is sensed 
by the SIG. Accordingly, the separate reset gate busses 
RGr, RGg and HGb allow for independent control of 
each of the linear sensors 46a, 46b and 46c. 

10 [0028] Rg. 5a is a prior art active pixel sensor 50 hav- 
ing a photogate 52 based pixel that transfers the charge 
from photogate 52 to the floating diffusion 54 via a 
transfer gate 53. The integration period is determined 
by the time between the photogate 52 being taken out of 

15 accumulation and put into depletion to begin integration. 
arxJ the time when the photogate is subsequently 
placed back into accumulation to transfer the signal 
charge to the floating diffusion 54.. Once charge is 
transferred to the floating diffusion 54 it can be sensed 

20 by the control circuitry 55 that comprises reset gate 
(RG). row select gate (RSG) and signal (SIG) transistor. 
The floating diffusion acts as an input to the SIG transis- 
tor. The prior art device in Fig. 5a has a single bus for 
control of the photogates 52 for every for of the image 

25 sensor. 

[0029] Fig. 5b is another prior art active pixel sensor 
based on a photogate 57 that transfers the charge from 
photogate 57 to the SIG transistor within control cir- 
cuitry 59 directly. The operation is similar to that dis- 

30 cussed above for the prior art device in Fig. 5a. 
however, the integration period here is determined by 
placement of the photogate 57 into accumulation to 
facilitate a reset after reading the signal level. Accord- 
ingly, the integration period is that period from the reset- 

35 ting of the pixel 56 via reset gate 58 to the time where 
SIG transistor reads the charge level on the photogate 
57. 

[0030] Fig. 6 is an illustration of the invention having 
an active pixel sensor based on pixel architecture 60 

40 that employs a photogate 62 that transfers charge to the 
floating diffusion 64 via a transfer gate 63. The integra- 
tion period is determined by the time between when 
photogate 62 is placed into depletion to begin integra- 
tion, and the time when the photogate is subsequently 

45 placed back into accumulation to transfer the signal 
charge to the floating diffusion 64. Once charge is trans- 
ferred to the floating diffusion 64 it can be sensed by the 
control circuitry 65 that comprises reset gate (RG). row 
select gate (RSG) and signal (SIG) transistor. The fbat- 

50 ing diffusion acts as an irput to the SIG transistor. The 
difference between the prior art pixel seen in Fig. 5a and 
that shown in Fig. 6 is that 

[0031 ] Fig. 7 is an embodiment of the invention having 
active pixel sensor 70 based on a photogate based pixel 
55 71 wherein photogate 72 integrates as long as the pho- 
togate 72 is biased in depletion. The integration period 
here is determined by placement of the photogate 72 
into accumulation to facilitate a reset after reading the 
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signal level. Accordingly, the integration period is that 
period from the resetting of the pixels within sensor 70 
v.a biasing the photogate 72 in accumulation and trans- 
t:rring charge over the rest gate 73. and then biasing 
the photogate 72 in depletion mode, to the time where 5 
SIG transistor reads the charge level on the photogate 
72. The invention as seen in Fig. 7 differs from the prior 
art pixel seen in Fig. 5b in addition of separate busses 
Pgr, Pgg and Pgb for red. green and blue, respectively, 
to provide independent control of the photogates 72. w 
[0032] Referring to Fig. 8, which Is a timing diagram 
for the Focal Plane Shutter Mode for an area array of the 
present invention as depicted in Fig. 2. Vne length of 
each of the integration periods is adjusted to achieve 
the correct color balance. Xg represents the integration is 
period for green pixels and occurs in each Row A and 
Row B. Xp represents the integration period for the red 
pixels and Is the shortest integration period, repre- 
sents the integration period for the blue pixels and is the 
longest of the integration periods. 20 
[0033] Fig. 9 is a timing diagram for the Qobal Shutter 
Mode for an area array of the present invention, as 
shown in Fig. 2. The symbols tor integration periods are 
the same as those in Fig. 8 It can be seen that the inte- 
gration periods ail end at the same time. The image is 25 
thereby captured by all pixels simultaneously. The pixels 
representing different colors have different integration 
lengths but the pixels are integrated at the same time. 
The integration periods for the shortest color (i.e. red) is 
contained within the Integration period of each succes- 30 
sively longer channel. 

[0034] Fig. 10 is a liming diagram for the Focal Plane 
Shutter Mode for a linear device of the present invention 
as shown in Fig. 4 A. The integration period for the red 
channel is shown as significantly shorter than the green 35 
ch annel, and the green shorter than the blue channel. 
[0035] Fig. 1 1 is a timing diagram for the Global Shut- 
ter Mode for the linear device of the present invention as 
shown in Fig. 4 A wherein the integration Is done simul- 
taneously for each of the pixel elements within a given 40 
color channel. The channels for different colors have dif- 
ferent integration lengths but the channels are inte- 
grated at the same time. The integration periods of each 
successively longer channel. Here, the integration peri- 
ods for each color channel start and stop at different 45 
points in time so that the center of each integration 
period is at the same point in time. It should be under- 
stood that the integration periods do not have to be cen- 
tered with respect to each other. 

[0036] Other aspects of the invention include: so 



(1) A semiconductor t>ased Image sensor compris- 
ing: a plurality of pixels formed upon a major sur- 
face of a semiconductor substrate, a plurality of the 
pixels having a photodetector; a plurality of color fil- 
ters of at least two different colors arranged over a 
majority of the pixels; a plurality of transfer gates, 
the transfer gates being adjacent to the photodetec- 
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tors and controlled by one of a plurality of elec- 
trodes, the transfer gates being capable of 
modulating the electrostatic potential adjacent to 
the photodetector upon application of a predeter- 
mined voltage to the electrode for that transfer gate 
to remove charge from the photodetector; a plural- 
ity of busses arranged such that there Is at least 
one color buss for each color of the different colors, 
each of the busses being operatively connected to 
the transfer gates associated with only one of the 
different colors through one of the electrodes; inter- 
face means for providing an electrical connection to 
a timing circuit, the Interface means having having 
£rt least one connection to each of the color busses 
and at least input from the timing circuit for each 
connection; whereby each of the different colors 
can have an integration period that is controlled by 
the timing circuit independent other of the different 
colors. 

(2) The Image sensor wherein the plurality of pixels 
are arranged in rows and columns. 

(3) The Image sensors wherein the image sensor 
has three colors with only two colors in any given 
row and with row adjacent pixels not being of the 
same color. 

(4) The image sensor wherein the sensor is an 
active pixel sensor having CMOS control circuitry 
allocated for. essentially, each of the pixels. 

(5) The image sensor wherein each of the transfer 
gates have a floating diffusion area as the sense 
node that Is connected as an input to a signal tran- 
sistor, the signal transistor formed in CMOS. 

(6) The image sensor of claim 1 wherein the sensor 
is a multiple color linear sensor having at least two 
linear sensor channels with each of the sensor 
channels sensitive to light of a different wavelength. 

(7) The image sensor wherein the sensor is a tri-lin- 
ear sensor having separately controllable integra- 
tion times for each of the linear sensors determined 
by voltages on their respective transfer gates which 
are controlled through the timing circuit. 

(8) The image sensor further comprising a reset 
gate adjacent to the sense node, the reset gate 
being electrically connected to a buss on at least a 
row by row basis. 

(9) The image sensor wherein the integration 
period is controlled by pulsing the transfer gates. 

(10) The image sensor wherein the plurality of pix- 
els are arranged in rows and columns. 

(11) The image sensor wherein the photodetector 
has a pinned portion and an unpinned portion and 
the sense node Is formed on the unpinned portion. 

(12) The Image sensor wherein the sensor has a 
plurality of linear sensors, with at least two colors 
being represented on the linear sensors. 

(13) The image sensor wherein the plurality of lin- 
ear sensors further comprises a separate linear 
sensor for each different color. 
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Claims 





1 , A semiconductor based image sensor comprising : 

a plurality of pixels formed upon a major sur- 
face of a semicorxJuctor substrate, each of the 
pixels having a photodetector; 
a plurality of color filters of at least two different 
colors arranged over the pixels; 
a plurality of gates adjacent to the photodetec- 
tors and controlled by one of a plurality of elec- 
trodes, the gates being capable of draining 
charge from the photodetector upon applica- 
tion of a predetermined voltage to the electrode 
for that gate; 

a sense node formed within the pixel and oper- 
atively connected to CMOS control circuitry; 
a plurality of busses arranged such that there is 
at least one bus for each color of the color fil- 
ters, each of the busses being operatively con- 
nected to the gates associated with only one of 
the colors through one of the electrodes; 
Interface means for providing an electrical con- 
nection to a timing circuit, the interface means 
having individual connections to each of the 
busses and capable of providing the predeter- 
mined voltage on the busses at a desired time; 
whereby each color can have an integration 
period that is controlled by the timing circuit 
independent from an equivalent integration for 
the other colors. 

2. The image sensor of claim 1 wherein the gates are 
reset gates. 

3- The image sensors of claim 1 wherein the image 
sensor has three colors with only two colors in any 
given row and with row adjacent pixels not being of 
the same color. 

4. The image sensor of claim 1 wherein the sense 
node is operatively connected to CMOS control cir- 
cuitry as an input to a transistor. 

5. A method of making a semiconductor based image 
sensor having a plurality of pixels formed upon a 
major surface of a semiconductor substrate, with a 
plurality of color fitters of at least two different colors 



5 providing a plurality of gates adjacent to the 

photodetectors and with controlling means for 
rectifying the electrostatic potential adjacent to 
the photodetector upon application of a prede- 
termined signal gate; 

10 further providing a plurality of busses arranged 

such that there is at least one bus for each 
color of the different colors, each of the busses 
being operatively connected to the gates asso- 
ciated with only one of the different colors 

15 through the controlling means; and 

controlling the gates to provide individual inte- 
gration times for different colors. 

6. The method of claim 5 wherein the step of further 
20 providing additionally conprises within the control- 
ling means a timing circuit having individual con- 
nections to each of the busses and capable of 
generating the predetermined signal on the txisses 
at a desired time. 

25 

7. The method of claim 5 wherein the step of providing 
further comprises providing within, each of the pix- 
els. CMOS control circuitry associated with an indi- 
vidual pixel. 

30 

8. The method of claim 5 wherein the step of providing 
further comprises providing as the gates, transfer 
gates having a floating diffusion area between the 
sense node and the photodetector. the sense node 

35 being connected as an input to a signal transistor, 
with the signal transistor formed in CMOS. 

9. A semiconductor based image sensor conprising: 

40 a plurality of pixels formed upon a major sur- 

face of a semiconductor substrate, a majority of 
the pixels having a photodetector; 
a plurality of color filters of at least two different 
colors arranged over a second majority of the 

45 pixels; 

a sense node formed within each of the pixels 
arxi operatively connected to CMOS control 
circuitry; 

a plurality of busses arranged such that there is 
so at least one unique bus operatively connected 

to the pixels for each color; arxl 
interface means for providing an electrical con- 
nection to a timing circuit, the interface means 
having individual connections to each of the 
55 busses and capable of providing the predeter- 

mined voltage on the busses at a desired time. 

10. The invention of claim 9 wherein the photodetector 
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